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To assess the prevalence and public health significance of rabbit cryptosporidiosis, a total of 1,081 fecal
specimens were collected between October 2007 and April 2008 from rabbits on eight farms in five different
areas in Henan Province, China, and were examined by microscopy after Sheather’s sucrose flotation and
modified acid-fast staining. The average infection rate of Cryptosporidium was 3.4% (37/1,081 samples). There
was a significant association between the prevalence of Cryptosporidium and the age of animals (�2 � 57.13; P <
0.01); the prevalence of cryptosporidiosis in 1- to 3-month-old rabbits was the highest (10.9%). The Crypto-
sporidium species in microscopy-positive specimens were genotyped by sequence analyses of the 18S rRNA,
70-kDa heat shock protein (HSP70), oocyst wall protein (COWP), and actin genes and were subtyped by
sequence analysis of the 60-kDa glycoprotein (gp60) gene. Only the Cryptosporidium rabbit genotype was
identified, with 100% sequence identity to published sequences of the 18S rRNA, HSP70, COWP, and actin
genes, and the strains belonged to three gp60 subtypes (VbA36, VbA35, and VbA29). In view of the recent
finding of the Cryptosporidium rabbit genotype in human outbreak and sporadic cases, the role of rabbits in the
transmission of human cryptosporidiosis should be reassessed.

Cryptosporidium spp. are important zoonotic protozoa, in-
fecting at least 260 species of vertebrate hosts, including hu-
mans (5). Cryptosporidiosis can be acquired by direct contact
with infected individuals or animals or contaminated fomites
or by ingestion of contaminated food and water. At present,
there are at least 20 established species and more than 60
genotypes of uncertain species status (5, 11, 25, 26). Among
these, at least eight species (Cryptosporidium hominis, C. par-
vum, C. meleagridis, C. felis, C. canis, C. muris, C. suis, and C.
andersoni) and six genotypes (cervine, horse, rabbit, and skunk
genotypes, chipmunk genotype I, and pig genotype II) have
been detected in immunocompromised and immunocompe-
tent persons, some of which involved only a few cases (3, 5,
6, 12, 27). Since the first description of Cryptosporidium in
feces of rabbits by Tyzzer in 1912, the organism has been
reported for farmed, pet, laboratory, and wild rabbits (7, 9,
10, 13–16, 28).

Cryptosporidium oocysts of rabbit origin are morphologically
similar to those found in other animals and humans. The iden-

tification of Cryptosporidium spp. in rabbits is not well estab-
lished. Thus, the parasites detected in rabbits have traditionally
been named C. parvum. Lately, characterizations of the 18S
rRNA, 70-kDa heat shock protein (HSP70), oocyst wall pro-
tein (COWP), actin, and 60-kDa glycoprotein (gp60) genes of
a few isolates from rabbits have led to the identification of the
Cryptosporidium rabbit genotype (2, 4, 13, 14, 24). Recently,
the Cryptosporidium rabbit genotype was reported as a patho-
gen in a few human cases and one outbreak of waterborne
cryptosporidiosis in the United Kingdom (4, 12). Thus, rabbit
cryptosporidiosis may pose potential risks to public health.

In China, one study reported the prevalence of Cryptospo-
ridium in rabbits in Changchun (28), and one characterized two
rabbit Cryptosporidium isolates at the genotype level (24). The
present study was conducted to determine the prevalence and
zoonotic potential of Cryptosporidium in rabbits in Henan
Province, China.

MATERIALS AND METHODS

Sample collection and Cryptosporidium oocyst detection. A total of 1,081 fresh
fecal specimens were collected from eight rabbit farms in five different areas
(Jiyuan, Puyang, Jiaozuo, Zhengzhou, and Nanyang) of Henan Province, China,
during October 2007 to April 2008. On each farm, specimens were collected
randomly from 15% of the rabbits, with the breed, age, and clinical signs re-
corded. Cryptosporidium oocysts in 5-g specimens were concentrated by Sheath-
er’s sucrose flotation and detected by light microscopy of the concentrated
materials, which were stained with modified acid-fast stain. The size of oocysts
was measured using a Nikon light microscope (Eclipse E200) at a magnification
of �1,000.

DNA extraction. Genomic DNAs were extracted from purified Cryptospo-
ridium oocysts of all 37 microscopy-positive specimens by use of a Mag Extractor

* Corresponding author. Mailing address for Longxian Zhang: Col-
lege of Animal Science and Veterinary Medicine, Henan Agricultural
University, Zhengzhou 450002, People’s Republic of China. Phone:
86-371-63555689. Fax: 86-371-63558180. E-mail: zhanglx8999@yahoo
.com.cn. Mailing address for Lihua Xiao: Division of Foodborne,
Waterborne, and Environmental Diseases, National Center for
Emerging and Zoonotic Infectious Diseases, Centers for Disease
Control and Prevention, Atlanta, GA 30333. Phone: (404) 718-4161.
Fax: (404) 718-4197. E-mail: lxiao@cdc.gov.

� Published ahead of print on 7 July 2010.

3263



genome kit (Toyobo Co. Ltd., Osaka, Japan) according to the manufacturer-
recommended procedures. DNAs was kept at �20°C before being used for
molecular analysis.

Cryptosporidium genotyping at the 18S rRNA, HSP70, COWP, and actin loci.
The 18S rRNA gene of Cryptosporidium in microscopy-positive specimens was
amplified by nested PCR according to previously described procedures (21).
Positive and negative controls were included in each analysis. The PCR products
were examined by 1% agarose gel electrophoresis and visualized after GoldView
(Guangzhou Geneshun Biotech Ltd., Guangzhou, China) staining. The positive
PCR products were analyzed by restriction fragment length polymorphism
(RFLP) analysis, using the SspI and VspI enzymes (21, 23). Two-directional
sequencing of 16 positive specimens from representative farms, breeds, and age
groups was done by TaKaRa Co. Ltd. (Dalian, China) on an ABI Prism 3730
DNA analyzer (Applied Biosystems, Foster City, CA), using a Big Dye Termi-
nator v3.1 cycle sequencing kit (Applied Biosystems).

Eight isolates from representative farms, breeds, and age groups were selected
for further sequence characterization at the HSP70, COWP, and actin loci.
Primers and procedures used were adopted from previous studies (17, 18, 22).
PCR products of the HSP70 and COWP genes were sequenced as described
above, whereas those of the actin gene were sequenced after being cloned into
the pGEM1-T Easy vector (Promega).

Cryptosporidium subtyping at the gp60 locus. Specimens were subtyped by
amplifying and sequencing the gp60 gene, using primers and procedures de-
scribed by Alves et al. (1). The subtypes of the Cryptosporidium rabbit genotype
were named using the established gp60 subtype nomenclature (4, 19), starting
with the subtype family designation (Va or Vb for the rabbit genotype) and
followed by the specification of the number of TCA repeats (A29, A35, and A36
for the presence of 29, 35, and 36 copies of the TCA repeat).

DNA sequence analysis. Nucleotide sequences obtained from the study were
aligned with each other and with reference sequences downloaded from
GenBank by use of ClustalX 1.83 (20).

Statistical analysis. Chi-square analysis was performed to analyze the corre-
lation between the prevalence of Cryptosporidium and the breed and age of
animals, using SPSS 11.5 (Statistical Package for the Social Sciences) for Win-
dows (SPSS Inc., Chicago, IL).

Nucleotide sequence accession numbers. DNA sequences of the partial 18S
rRNA, HSP70, actin, COWP, and gp60 genes obtained were deposited in the
GenBank database under accession numbers GU097631 to GU097651,
HM125714, and HM125715.

RESULTS

Prevalence of Cryptosporidium in rabbits. Cryptosporidium
oocysts were detected by microscopy in specimens from 3 of
the 8 rabbit farms in five areas studied. The overall prevalence
was 3.4% (37/1,081 samples). Farm 8, in Nanyang, had the
highest infection rate (25.7%), followed by farm 2 (7.8%), in
Jiyuan, and farm 3 (0.5%), in Puyang. The prevalence rates of
Cryptosporidium in rabbits aged �1, 1 to 3, 4 to 6, 7 to 12, and
�12 months were 4.1%, 10.9%, 1.3%, 0.4%, and 0%, respec-
tively (Table 1). The differences in Cryptosporidium prevalence
among the age groups were significant (�2 � 57.13; P � 0.01).

No apparent clinical signs of cryptosporidiosis were seen in
rabbits at the time of specimen collection.

Cryptosporidium genotypes and subtypes. PCR amplification
of the 18S rRNA gene was successful for 36 of the 37 speci-
mens. RFLP analysis of all PCR-positive products produced
identical banding patterns indicative of the presence of the
Cryptosporidium rabbit genotype: there were three visible
bands, of 473, 269, and 109 bp, after SspI restriction and three
visible bands, of 559, 104 to 115, and 71 bp, after VspI restric-
tion. DNA sequencing of the 18S rRNA gene PCR products
showed that all the sequences obtained in this study were
identical to each other and to those previously obtained for the
Cryptosporidium rabbit genotype, available under GenBank ac-
cession numbers AY120901 (24), AY273771 (14), EU437413
(12), and FJ262724 to FJ262726 (4).

PCR products of the COWP gene were sequenced successfully
for all eight isolates selected. The sequences obtained were iden-
tical to each other and to the one obtained previously for the
Cryptosporidium rabbit genotype (GenBank accession number
EU437411). Likewise, the sequences of the actin gene were also
identical to each other and to the one obtained previously for the
Cryptosporidium rabbit genotype (AY120924) and had a 99.9%
similarity to those of C. hominis (AF382337, EF591783, and
EF591784), with a C-to-T substitution within the 1,066 bp under
analysis.

The sequences of the HSP70 gene were nearly identical to
each other. Most of the sequences obtained were missing the
3�-end sequence. Among the three sequences with a 3�-end
sequence, two had 9 copies of a 12-bp minisatellite sequence
commonly seen in the HSP70 gene of Cryptosporidium spp. and
one had 10 copies of the minisatellite sequences. There was no
single nucleotide polymorphism in the HSP70 gene among the
Cryptosporidium rabbit genotype specimens, and the sequences
obtained in this study were identical to the partial sequences
(GenBank accession numbers AY273775, EU437412, and
FJ262727 to FJ262729; all with the 3� end missing) obtained
previously for the Cryptosporidium rabbit genotype. Depending
on the C. hominis sequence used as a reference, there were 11
to 13 nucleotide substitutions between C. hominis and the
rabbit genotype, with 7 or 8 of them occurring in the minisat-
ellite region and 4 or 5 of them occurring in the rest of the
gene.

Subtypes of the Cryptosporidium rabbit genotype. Sequences
of the gp60 gene were obtained successfully for 30 of the 37

TABLE 1. Prevalence of Cryptosporidium in rabbits on eight farms in Henan Province, China

Farm Region
Prevalence of Cryptosporidium (no. of positive samples/total no. of samples �%	) in rabbits Prevalence

(%)�1 mo 1–3 mo 4–6 mo 7–12 mo �12 mo

1 Jiyuan 0/16 0/24 0/62 0/18 0
2 Jiyuan 0/10 14/79 3/58 1/85 7.8
3 Puyang 1/144 0/61 0.5
4 Puyang 0/21 0/106 0
5 Jiaozuo 0/40 0/21 0/30 0
6 Zhengzhou 0/2 0/81 0/27 0
7 Zhengzhou 0/4 0/13 0/49 0/45 0
8 Nanyang 3/20 13/50 2/15 25.7

Total 3/73 (4.1) 27/247 (10.9) 6/474 (1.3) 1/230 (0.4) 0/57 (0) 3.4
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Cryptosporidium rabbit genotype-positive isolates in this study.
Three subtypes belonging to one subtype family were identified
and were designated VbA29 (in 18 specimens), VbA35 (in 4
specimens), and VbA36 (in 8 specimens). Farm 8 had only
VbA29, whereas farm 2 had all three subtypes (Table 2).

Morphometrics of Cryptosporidium oocysts. The size of Cryp-
tosporidium rabbit genotype oocysts obtained in this study was
4.9 to 5.4 by 4.5 to 5.1 
m (mean � standard deviation [SD] �
5.1 � 0.11 by 4.8 � 0.15 
m; n � 50), with a shape index of 1.02
to 1.13 (mean � SD � 1.07 � 0.03), similar to the size of C.
hominis oocysts (mean � 5.2 by 4.9 
m; range � 4.4 to 5.9 by
4.4 to 5.4 
m) (8).

DISCUSSION

An overall 3.4% prevalence (37/1,081 samples) of crypto-
sporidiosis was seen in domestic rabbits. This is higher than
rates reported for wild rabbits in previous studies but at the
lower end of rates reported for farmed, laboratory, and pet
rabbits (13). Differences in techniques used for the detection of
infection and in the management and age of animals probably
contributed to the observed variations in the prevalence of
cryptosporidiosis in rabbits. In the present study, Cryptospo-
ridium oocysts were detected in many rabbits on two farms
(farms 2 and 8), and animals of 1 to 3 months of age had much
higher infection rates than those in other age groups (Table 1).

In this study, only the Cryptosporidium rabbit genotype was
identified in rabbits. Sequence similarity analysis revealed that
the 18S rRNA, actin, and COWP gene sequences obtained in
this study were identical to each other at each locus and had
100% identity to the Cryptosporidium rabbit genotype isolates
from rabbits and humans found in previous studies (4, 12, 14,
24); only sequences of the HSP70 gene had minor differences,
which were seen in the copy number of a minisatellite repeat.
Prior to this study, only five publications, representing four
studies, characterized Cryptosporidium spp. in rabbits. Thus,
only a single nucleotide sequence each is available for the actin
and COWP loci, and five very short sequences (�400 bp) are
available for the HSP70 locus (13). The Cryptosporidium rabbit
genotype has nucleotide sequences very similar to those of C.
hominis at the 18S rRNA (only four nucleotide substitutions
compared to sequence AJ849462 [within a 787-bp region]),
COWP (no substitution compared to sequence DQ388389
[within a 535-bp region]), and actin (only one nucleotide sub-
stitution compared to sequence EF591784 [within a 1,066-bp
region]) loci. More nucleotide substitutions were seen in the
HSP70 gene, especially at the 3� end of the sequence (11 to 13
substitutions in the 1,920-bp sequence obtained in this study).
At this locus, C. hominis has 12 or 13 copies of the 12-bp
minisatellite sequence, whereas the rabbit genotype has only 9

or 10 copies. There is a need for further studies of the taxo-
nomic relationship between C. hominis and the Cryptospo-
ridium rabbit genotype to establish the validity of the name
Cryptosporidium cuniculus, previously used to describe the par-
asite in rabbits.

Sequence analysis of the gp60 gene is useful for investigating
transmission dynamics, for identification and differentiation of
outbreaks, and for tracking infection sources (23). In recent
studies, several Cryptosporidium rabbit genotype isolates from
humans and rabbits were subtyped at the gp60 locus. Thus far,
two subtype families have been identified, including the Va
subtype family, in humans (VaA18 and VaA22) and rabbits
(VaA18) in the United Kingdom, and the Vb subtype family, in
rabbits in the Czech Republic (VbA19) and China (VbA29)
(4). In this study, the gp60 sequence analysis revealed that the
isolates of this study belonged to three subtypes (VbA29,
VbA35, and VbA36) in the Vb subtype family, which has thus
far not been seen in humans.

In conclusion, the Cryptosporidium rabbit genotype is a com-
mon parasite infecting farmed rabbits in Henan, China. Al-
though there has not been any reported human infection with
the parasite in China, its genetic similarity to C. hominis and
the recent finding of the parasite in humans in the United
Kingdom indicate that rabbits can be a potential reservoir of
zoonotic cryptosporidiosis. More systematic biologic character-
izations of the parasite are needed to understand the taxo-
nomic status of the Cryptosporidium rabbit genotype and its
public health significance.
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Cryptosporidium infection in weaned rabbits. Vet. Med. (Prague) 41:361–366.

11. Plutzer, J., and P. Karanis. 2009. Genetic polymorphism in Cryptosporidium
species: an update. Vet. Parasitol. 165:187–199.

12. Robinson, G., K. Elwin, and R. M. Chalmers. 2008. Unusual Cryptosporidium
genotypes in human cases of diarrhea. Emerg. Infect. Dis. 14:1800–1802.

13. Robinson, G., and R. M. Chalmers. The European rabbit (Oryctolagus cu-
niculus), a source of zoonotic cryptosporidiosis. Zoonoses Public Health, in
press.

14. Ryan, U., L. Xiao, C. Read, L. Zhou, A. A. Lal, and I. Pavlasek. 2003.
Identification of novel Cryptosporidium genotypes from the Czech Republic.
Appl. Environ. Microbiol. 69:4302–4307.

15. Shiibashi, T., T. Imai, Y. Sato, N. Abe, M. Yukawa, and S. Nqami. 2006.
Cryptosporidium infection in juvenile pet rabbits. J. Vet. Med. Sci. 68:281–
282.

16. Sturdee, A. P., R. M. Chalmers, and S. A. Bull. 1999. Detection of Crypto-
sporidium oocysts in wild mammals of mainland Britain. Vet. Parasitol.
80:273–280.

17. Sulaiman, I. M., U. M. Morgan, R. C. Thompson, A. A. Lal, and L. Xiao.
2000. Phylogenetic relationships of Cryptosporidium parasites based on the
70-kDa heat shock protein (HSP70) gene. Appl. Environ. Microbiol. 66:
2385–2391.

18. Sulaiman, I. M., A. A. Lal, and L. Xiao. 2002. Molecular phylogeny and

evolutionary relationships of Cryptosporidium parasites at the actin locus. J.
Parasitol. 88:388–394.

19. Sulaiman, I. M., P. R. Hira, L. Zhou, F. M. Al-Ali, F. A. Al-Shelahi, H. M.
Shweiki, J. Iqbal, N. Khalid, and L. Xiao. 2005. Unique endemicity of
cryptosporidiosis in children in Kuwait. J. Clin. Microbiol. 43:2805–2809.

20. Thompson, J. D., T. J. Gibson, F. Plewniak, F. Jeanmougin, and D. G.
Higgins. 1997. The Clustal X windows interface: flexible strategies for mul-
tiple sequence alignment aided by quality analysis tools. Nucleic Acids Res.
25:4876–4882.

21. Xiao, L., U. M. Morgan, J. Limor, A. Escalante, M. Arrowood, W. Shulaw,
R. C. Thompson, R. Fayer, and A. A. Lal. 1999. Genetic diversity within
Cryptosporidium parvum and related Cryptosporidium species. Appl. Environ.
Microbiol. 65:3386–3391.

22. Xiao, L., J. Limor, U. M. Morgan, I. M. Sulaiman, R. C. Thompson, and
A. A. Lal. 2000. Sequence differences in the diagnostic target region of the
oocyst wall protein gene of 20 Cryptosporidium parasites. Appl. Environ.
Microbiol. 66:5499–5502.

23. Xiao, L., C. Bern, J. Limor, I. Sulaiman, J. Roberts, W. Checkley, L. Ca-
brera, R. H. Gilman, and A. A. Lal. 2001. Identification of 5 types of
Cryptosporidium parasites in children in Lima, Peru. J. Infect. Dis. 183:492–
497.

24. Xiao, L., I. M. Sulaiman, U. M. Ryan, L. Zhou, E. R. Atwill, M. L. Tischler,
X. Zhang, R. Fayer, and A. A. Lal. 2002. Host adaptation and host-parasite
co-evolution in Cryptosporidium: implications for taxonomy and public
health. Int. J. Parasitol. 32:1773–1785.

25. Xiao, L., R. Fayer, U. Ryan, and S. J. Upton. 2004. Cryptosporidium taxon-
omy: recent advances and implications for public health. Clin. Microbiol.
Rev. 17:72–97.

26. Xiao, L., and R. Fayer. 2008. Molecular characterisation of species and
genotypes of Cryptosporidium and Giardia and assessment of zoonotic trans-
mission. Int. J. Parasitol. 38:1239–1255.

27. Xiao, L. 2010. Molecular epidemiology of cryptosporidiosis: an update. Exp.
Parasitol. 124:80–89.

28. Zhang, X. C., L. S. Hu, and D. C. Li. 1992. Study on some biologic properties
of Cryptosporidium. Bull. P. L. A. Vet. Coll. 12:114–118. (In Chinese.)

3266 SHI ET AL. J. CLIN. MICROBIOL.


